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In recent years, the number of patients with neuro-immunological diseases, such as multiple sclerosis (MS), neuro-
myelitis optica (NMO)/neuromyelitis optica spectrum disorder (NMOSD), and myasthenia gravis (MG), has been
increasing in Japan. These diseases are commonly seen in women of childbearing age. Therefore, pregnancy and
delivery are major issues in patients with these diseases. Pre-conception care and management of medication
during pregnancy, resumption after delivery, breastfeeding, and effects on the mother and fetus are all very im-
portant issues.
In pregnancy in MS, the current guidelines focus on the use of disease-modifying drugs (DMDs) throughout preg-
nancy. The appropriate DMD prevents relapses for three months postpartum.
The annual recurrence rate after delivery was much higher for NMO・NMOSD than for MS. In addition, preg-
nancy after NMOSD onset is a risk factor for miscarriage, and pregnancies with high disease activity may be at
increased risk of miscarriage.
Exacerbations of MG occur in approximately 41% of pregnancies, with remission in 29% and no change in 30%.
Exacerbations occur in the first trimester and the three months postpartum. What is common in these autoim-
mune neurological diseases is that continuing appropriate treatment and stabilizing disease activity can prevent
postpartum recurrence.
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Figure　1　Maternal immunologic adaptations during pregnancy; multiple sclerosis. (Modi-





















































Figure　2　Rate of relapse per woman per year for each three-month period before, during, 
and after pregnancy in 227 pregnancies resulting in a live birth among women with mul-


























































Figure　3　Annual relapse rates in patients with multiple sclerosis exposed to glatiramer 
acetate or IFN-β and in those who did not receive a disease-modifying treatment. DMD, 
disease-modifying drug; GA, glatiramer acetate; IFN-β, interferon-beta. (Modified from ref-
erence 15)
Figure　4　Use of disease-modifying drug for multiple sclerosis patients who hope to bear 
a child. 
DMF, dimethyl fumarate; GA, glatiramer acetate; IFN-β, interferon-beta; MS, multiple scle-















Table　1　Multiple sclerosis, neuromyelitis optica spectrum disorder and myasthenia gravis therapies and pregnancy issues.
(Including insurance unapproved in Japan)
FDA pregnancy category＊ Drug
X: Studies in animals or humans have demonstrated fetal abnormalities 
and/or there is positive evidence of human fetal risk based on adverse 
reaction data from investigational or marketing experience, and the risks 
involved in use of the drug in pregnant women clearly outweigh poten-
tial benefits.
methotrexate
D: There is positive evidence of human fetal risk based on adverse reac-
tion data from investigational or marketing experience or studies in hu-
mans, but potential benefits may warrant use of the drug in pregnant 




C: Animal reproduction studies have shown an adverse effect on the fe-
tus and there are no adequate and well-controlled studies in humans, but 




natalizumab, rituximab, ciclosporin, tacrolimus hy-
drate, pyridostigmine bromide
ambenonium chloride, immunoglobulin, eclizumab
B: Animal reproduction studies have failed to demonstrate a risk to the 
fetus and there are no adequate and well-controlled studies in pregnant 
women.
glatiramer acetate
＊The Pregnancy and Lactation Labeling Rule (PLLR) removes pregnancy letter categories - A, B, C, D and X. The PLLR also re-
quires the label to be updated when information becomes outdated. The rules came into effect on 30 June 2015. (Reference 19)











Interferon-β C L3 Not 
required
Unlikely EU/US: limited data; consider the mothers’s clinical need 
and any potential adverse effects on the breastfed child
JPN: do not use
Minimal levels (0.006%) detected
Glatiremer
acetate
B L3 Not 
required
Unlikely EU/US: limited data; use caution when nursing
JPN: do not use
Dimethyl
fumarate
C L4 Not 
required
Unknown EU/US: limited data; use caution when nursing
JPN: do not use
Fingolimod C L4 2 months Crosses EU/US/JPN: do not use




EU/JPN: do not use
US: use only if benefit outweights potential risk to infant








































































































coprotein（MOG）抗体，B cell activating factor be-









































1 35 36 no ― GA GA no caesarean 
sectionIVF
2 18 34 no ― GA GA no vaginal 
deliveryIVF
3 33 38 no ― IFN-β ND no vaginal 
deliveryIVF
4 27 31 no ― IFN-β ND no vaginal 
deliveryIVF




ART, assisted reproductive technology; GA, glatiramer acetate; IFN-β, interferon-beta; IVF, in vitro fertilization; ND, not 






























































Figure　5　Proposed mechanism of NMO-IgG-induced placental inflammation.
(A) Normal fetus in uterus with a (B) magnified view of a normal fetal villus showing AQP4 
within the syncytiotrophoblast plasma cell membrane. (C) NMO-IgG binds extracellular epi-
topes on AQP4 and (D) activates complement causing the deposition of membrane attack 
complexes (C5b-9) in the syncytiotrophoblast plasma membrane.
(E) Leukocytes infiltrate the placenta, primarily neutrophils (NF) with some eosinophils (EF) 
and macrophages (MF). (F) Severe placental inflammation causes fetal death, but (G) mild 
placental inflammation allows normal fetal growth. Aquaporumab (A) inhibits NMO-IgG 
binding, and sivelestat (S) inhibits neutrophil-mediated damage. (Modified from reference 52)
5
Lower amounts of NMO-IgG & human complement
Figure　6　Annual recurrence rate associated with pregnancy and childbirth of optic neu-
romyelitis optica spectrum disorder comparison with MS.
ARR, annual recurrence rate; BP, before pregnancy; DP, during pregnancy; PP, postpar-
tum; MS, multiple sclerosis; NMO, neuromyelitis optica; NMOSD, neuromyelitis optica spec-








BP DP1 DP2 DP3 PP1 PP2 PP3+4
Kim W, et al.51)
NMOSD
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 1 13 ＋ 22 PP1 Natural birth ＋ PSL 10 mg/day
 2 30 ＋ 34 PP2 Natural birth ＋ ND
 3 30 ＋ 37 PP2 Natural birth ＋ ND
 4 28 ＋ 29 PP3 Vacuum extraction ＋ ND
 5 25 ＋ 34 DP2 Natural birth ＋ ND
 6 28 ＋ 35 DP1, DP2, PP1 Natural birth ＋ ND
 7 21 ＋ 22 PP1 Elective abortion ＋ PSL 10 mg/day
 8 20 ＋ 34 PP1 Lower baby weight ＋ PSL 5 mg/day
AZT 50 mg/day
 9 25 ＋ 34 PP1 Natural birth ＋ ND




11 24 － 33 － ＋ PSL 20 mg/day
－ 35 － Term birth, Caesarean AZT 100 mg/day 
PSL 5 mg/day
Patients 1-9 had pregnancy-related relapses. Patients 10 and 11 were free of relapse during their pregnancies.
AZT, azathioprine; DP1, first trimester of pregnancy; DP2, second trimester of pregnancy; DP3, third trimester of pregnancy; ND, 
not done; NMOSD, neuro-myelitis optica spectrum disorder; PP1, first 3-month periods postpartum; PP2, second 3-month periods 
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